g

By FRANK DE LEEUW

Inventory Investment and Economic Instability

INVENTDRY investment—the dif-
ference between production and final
sales—can be sither a stabilizing or a
destabilizing factor in economic flue-
tuations. For example, if a drop in
final sales leads to an involuntary ac-
cumaulation of inventeries of finished
goods, then inventory ihvestment is
playing a stabilizing role, beacanse pro-
duction has fallen less than sales
have fallen. But if the lower level of
final sales persisits and the swollen
lavel of inveptories is deliberately re-
duced by driving produstion below
saler, then inventory investment is
plarying a destabilizing role.

As has often been decumented, in-
ventory investment has uspally been
destzbiliring. This article measures
the extent o which various categories
of inventories have been destabilizing
and, for menufactorers’ inventories,
explains the destabilizing behavior in
terms of the contributions of factors
that influence inventory investment.

The article makes intensive ase of
the estimates of constant-dollar man-
ufasturers’ inventories by stage of
fabrication introduced by BEA as part
of the 1880 comprehensive revisions
of the national income and product
accounts.” The new estimates are
butlt up from separate estimates of
inventories of materials, goods in
process, and finished goods in each of
20 manufacturing industries. This ar-
ticle explores some aspects of what
the new estimates tell about the be-
havior of inventories.

The fArst serction of the article de-
velope a statistice]l measure of the
gxtent to which inventory investment
contributes to economic instability.

1. The new ssthratens nre described in John €. Hin-
richs and Anthany [ Eckmed, “Constant-Doellar Man.
ufscturers’ [oventerles,” Soezver or Coreewt Bum.
nEss 61 (Morember 1981 16-53.

The measure is presented for total in-
ventory investment, and for inventiory
investinant at different stages of the
production process and at different
cyclical stages. The second section
presents demand equations for manu-
facturers’ inventory heldings by stage
of fabrication; thess equations permit
further analysis of the destabilizing
behavior by measuring separately the
contribution of various influences—
sales, new orders, and the financial
eost of holding inventories—on inven-
tory inwvestment. The final section
presenta simulations of manufactar-
ers’ inventory behavior under differ-
ent demand and cost conditions.

The anelygis indicates that manu-
facturing inventory investment in
total Is destabilizing. However, the
extent to which it iz destabilizing Jif-
ferz substantially by stage of fabrica-
tion, For finished goods inventory in-
vogtment, neither stabilizing nor de-
stahilizing behavior dominates; in the
early stages of cyclical fuctuations,
inventory behavior tends to he stahi-
licing, bt in later stages, it is mixad.
Investment in both work-in-process
inventories and materials inventories
i destabilizing, and thiz behavior is
apperent at all atages of cyelical flue-
tuztion.

Inventories in all three stages of
fabrication respond positively to
levels of demend, as measored by
sales and new orders, and negatively
to the financial cost of holding inven-
toriez. The finding of a response to
the latier, as measured by a real rate
of interest, contrasts with the findings
of much previous analysis. The con-
trast in findings, at least in part, is
due tn the inclusion in the sample
periad used For this article of the wide
swingzs in real interest rates of the
1970°s., The responge to demand is
stronger for work-in-process and ma-

terials inventcries than for finished
goods inventories, and this difference
acconnts, at least in part, for the dif-
ference in stabilizing/destabilizing be-
havior,

The Contribution of Inventory
Investment to Instability

The meazure proposed in thiz arti-
cle is an answer to the question: How
much more ingéahility is thers in pro-
tuction than in final safes? The meas-
ure can be calculated for total inven-
tory investrnent, for inventory invest-
mant by stage of fabrication snd by
industry, for expansions and contrac-
tions, and for many other groupings
of inventory estimates.

The measure is the percent differ-
ence between two measures of disper-
sion. One of the two is the root-mean-
siquare (i.e, the square root of the
mean squared value) of the percent-
age deviation of final sales of goods
and gtructures (in 1972 dollars) from
its trend. The other is the roob-mean-
square of the percentage deviation of
final seles plus inventory change—
ie, production--frogn its trend. If
sales relative to its trend has a root-
mean-square deviation of 2.4 percent
and eales plus inventory change rela-
tive to its trend has root-mean-square
deviation of 3.0 percent, then the
meagure equals 25, the 25 percent
excess aof 4.0 over 24. (As will be seen,
these are the actual figures in the cal-
citlation for total inventory change in
1358-81.) The measure is slways posi-
tive if inventory change is destabiliz-
ing. If some category of inventory
change has a stabilizing influence, so
that the deviation from trend of zales
pluz  that category of inventory
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chenge iz smaller than the deviation
of gales alone, then the measyre will
be negativea ®

In mathematical terma, the meas-
ure (M} is:

=5,
M= mn%

where 5; ia the square root of the
mean square percent deviation from
trend of constant-dollar final saler of
poods and structures plus inventory
change, and 8 is the square root of
the mean square percent deviation
from trend of fival gales of goods and
etructures. The sales trend I8 a cen-
tered 2l-quarter moving average of
actual sales.? The trend of inventory

& The posbility of negathe valoes polnts o the
difference batwaon the messore of instaldlity used in
+his article and & mewry beesed on an anslyals of the
variance of output by companent, aften osed by gthery
{wg, for waample, Aban Blinder, "“Ratail Tnventory Be-
havior and Business Fluctuatbons, ingz Papers
or Beowemic Actfiity, Ne. 2 831 pp. 445-8] In an
enalypie of varanes, mventary investment will make
& positive conkribobion to totel variance Irrtspectve of
whether it i= stebilzing or destabilizing; only the o
variance terms can discriminate between the tvo slor
atiors, The messure used hers deponds on both the
vaciuncy of inventory investiaent aod the covarence
of inwenbery mvestment and salas.

% The trend was extinded to the end of 1981 by
uming an auloregressive equaticn o project chenges in
salet and then uaing projectsd sales oo calouiats the
maving averkge, The vo squbtion was &
LS, =l 0T (2429 & L5, whare & LB i1 the ahangn
from tha preosding quarter io the lagarithm of zalei
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change is equal to the ssles trend
times the ratio of mean 1%59-B1 in-
ventory change to mean 1959-821
sales, and the trend of sales plus in-
ventory change is equal to the sum of
the sales trend and the inventory
change trend. Sales, and thus &, is
identical in ¢aleulation of the meas
ures for total inventoriez snd for in-
ventory categories. In contrast, actual
and me= inventory change, and thus
the trend of inventory change and S,
it specific to the inventory total or
categories *

The measure is a descriptive one,
influenced by sll of the force: that
affert inventories and final sales. It
doeg not eeparate, for example, "invol-
untary” from “veluntary” inventory
Investment, or “passive” from
“active' inventory behavior. However,

4 It would be poasihle to construct so allemative
meagure in which sl a5 wel]l as inventory changs
differed by cotegury. [1.5, I8 the root-near-aquurs per-
cint devinti;n Erm trend of some altarnative sples
meries, thepy the ralatlog betowen A, the measure of
instabliity wmploying the alternative mles perics, and
M, the measure of ingtability esad ln this atide, is
given by-

AT Y
e ~ 5,

The altarnative wmeesur: is less eoedul than the sne
in thig artlche for decomposing an aggragate MELsUTS
ints the contribuling of differmt inventory categariss;
But It might ba moce usiai fw an analyais of e
tory Investorent in & ¥peciflc industry.

Final Sales and Produciion: Perconiage Devlations Frem Tremds, 1959-81

Pergent

December 1382

the measure should be useful to fore-
casters in judging whether a set of
sales and invenbory investment pro-
Jections conforms to, or depawis from,
the usual historical relation of inven-
tory investment to sales. The measure
should alse be useful to bullders of
models of the economy it judglng
whether shocks imposed onm their
models produce eales and inventory
investment ouicomesz that are realis.
tic.

Rexulfs

For mafor invendory colegories.—
Table 1 presents the measure for
major categories of inventories for
1959-81 and two subperiods. For the
entire pericd, production was 25 per-
cent more unstekble than final sales.
The reotmeansquare deviation from
trend was 3.01 percent for production
and 242 parcent for sales. Chart T
ghows the two time series underlying
this measure: the percentage devi-
ation of final zales relative to its
trend and the percentage deviation of
production, or sales plus inventory
change, relative to its trend.

For the period as a whole, farm in-
ventorieg ¢ontributed little to the
vverall destabilizing effect, and within
the nonfarm group, manufacturing
contributed most. Within manufectur-
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Table . —A Measure of the Contribution of
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ing, inventory investment in finished
goods was slightly stabilizing. Inveat-
ment in work in process and in mate-
rials were destabilizing.® That they
were destabilizing does not necessar-
ily mesn that inventory leveiz moved
differently from final sales or from
production; even if the level of inven-
tories at some stage were perfectly
proportional to production, inventory
invagiment—the change in the level—
conld easily be destabilizing.

Inventory investment was more de-
stabilizing in 135970 than in 1970-
2l. Both eales and production fluctu-
ated less in 195%-T0 than in 1970-81;
hut the percentage difference hetwean
the two was larger in the first subpe-
riod. Manufacturing inventory invest-
meatt was the most destabilizing non-
farm compenent in both subperiods.
Within manufactoring, inventories of
finished govods were destabilizing

5. If Inventory vesttiont o differesnt sagas waite G-
correlated with one another, then the sguares of tha
mesnres in table 1 woukd be additive; that i, the sqoate
of the kasura for total inventories woold 4 qual the aam
of the squares af the memnores fior furn and nondatm ine
vatitories, and the square of the measure for mamdzeiur-
ing weould soal the Eumn of the Bquares of the Hedsares
for the three stages of fabrication. Becanss inventory in-
vestment in dferent k8 cprrelated and ca s
thes reaeoes is not squarad, valdes shows in the table are
ot additive. They are alnes enoogh bo oddfive, haw.
evey, 16 permil &n aeeunting for totels in berma of parta,

499=838 O = B3 - u
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during the first subpericd but stabiliz-
ing in the second:; the other stages
were destahilizing in both subperiods.
Retail inventory investrnent was also
destabilizing, but more so in the first
subperiod than the second.

These results are moderately senai-
tive to the choice of a trend line for
final sales. For a 17-quarter mverage
(instead of a 2l-guarter average),
requity are much the same. For a 5
quarter averagea, resulte are still gimi-
lar for the entire 1959-81 pericd but
are different for subperiods.

By cyclice! stage—The measure can
be disaggregated by cyclical stage. For
rung of deviatione—pesitive or nega-
tive—of final eales from trend, the
quarters are grouped into an early
stage (first three quarters of a devi-
ation), a middle stage (fourth through
gixth quarters), and a late stage (sev-
enth ¢quarter and Iater), and the
measure calculated for the ohserva-
tions of these stages. The resulting
measures can be used fo investigate

whether inventory ihvestrnent is
more destgbilizing in the early,
middle, or late stages.

Tabke 2—A Measura of the Coniribution of
Inventory Investment o Instabilky, br Stage
of Deviations of Final Ssles From Trend,
1¥50-51
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Table 2 shows large differences in
the mengure of instahility disapgre-
gated in this way. For total inventory
invesiment the measure of instability
is 48 in the carly stape of a deviation
from trend, but only 24 in the middie
gtage @nd still smaller in the late
stage. The same pattern holds troe
for the retail component, which has a

ing measure of 16 for the
early stage but only 5 for tho middle
stage, and —4 in the late stage. In
contrast, the manufacturing compo-
nent destabilizes by about the same
amount in ¢ach stage. Finished manu-
facturing inventories are stabilizing
in the early stages; ie., they tend to
be reduced early in an expansion or
itcreased early in a cyclica! contrac-
tion. In later stages, howeaver, finished
goods inventories have very little
impact. Inventories of work in process
are destabilizing at all stages but
more strorely in the early stage. Ma-
terials inventories are moderately de-
stebilizing at all stages,

Inventory Demand Equations
by Stage of Fabrication

Te analyze the mannfacturing re
sults more thoroughly, it 5 heipiul to
egtimate demand equations relating
manufacturers’ inventory holdings to
measures of demand and cost. With
these equations it is possible to ex-
plain, at least in part, the destabiliz-
ing or siabilizing behavior of manu-
facturers’ inventory investment in
terms of the contributions of current
and lagged demand end ¢ost waria-
bles

Theories of inventory hehavior sug-
gest that inventory holdings ought to
depend on the level of demand and on
the coet of holding inventories.® The
regponse to a change in demand—uau.
ally measured by sales or new
orders—depesnds on  whether the
change is accompanied by a parallel
change in the numhber of egtablish-

f. Sws for example, Kenmth J. Arcow, Samusl
Earlin, and Hagbert Smarf, Stadive fo the Mathamed
fead Theory of fnweetmy end Production (Stanford:
Unlversity Press, 1566E Michas] Lovell, “Manufactur-
wrr' [nventorien, Sabey Expactations, and the Atcalera-
tion Principle.” Ecoromairicn 28 (July 1961k 293-814;
Charles €. Holt, France Modigllani, Juhn Muth, ami
Herhert Siman, ing Produrtion, Toveniorisr and
Work Foror {Enplowned Clife, NJ): Preotice Hall,
13663 and BMinder, “Retail Inventocy Sehavior,” pp.
A3=520,
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ments doing business, or whether it
represents a change in the amount of
activity within the iypical establishs
ment. In the former case, almost any
theory would imply an elasticity with
wespect to sales or orders cloze to
1.0—that is, a proportional response
of inventories to & change in sales or
orders, at least after a sunitable time-
lag. In the latter case, however, some
theories imply that within an estab-
lishment economieg of scale permit a
less-then-proportioneal response of ins
ventories io sales, One strand of the
operatiohs research literature emphs-
sizges a “squarercot rule” in which
the alasticity of inventories with re-
apect to sales or orders is 0L5. Thus,
elasticities of inventory holdinga with
rempect to zales or ordars it the range
of 0.5 to 1.0 appear theoretically plan-
sible.

Most empirical studies of inventory
holdings have found that there are
sizable lags in the adjustwment of in-
ventories to a change in sales or
orders. Theories often allow for a
shart period in which inventories, es
pecially inventories of finished goods,
move in the opposite divection to
changes in demand, due to the buffor-
stock role of inventories. But apare
from this inital “iovoluntary” re-
sponse, there is little explanation in
the theoretical literature for the wide-
spread empiriesl comclusion that in-
ventories may take as long 85 & year
or iwe to adjust to a change in the
level of sales or new orders.”

Although in theory, the cost of
holding inventories iz an important
inflagnce on demand, empirical work
has asually been unsuccessiul in un-
covering a cost influence.® Most of
thiz work has emphasized a zsingle &le-
ment of cost, the interest rate oa bor-
rowed funds. Therg are, in fact, many
other cost clements to be taken into
accoutii—the cost of physical storage,
deterioration and obsolesence, insur-
ance, taxes, and—most importantly in

7. In poma empicical wock, this 1ag iz referrsd to ee
w How speed of adjustment; in other work, as 4 s{awi;.r
changing inveniory "target.” The problem of inding &
thearetical explanedion B much the mowe in either
ceze. For discygaion of the prablem, sew miﬂ*‘-‘_’-
“Retal] fnveitary Behavigr,” and Muariin Feldstein
and Allan Anerbach, *Tbventary Behavior i Durahle
Goods Manwfarturiag: the Targeb-Adpsteent Modei,"
Arockingy Papers on Boameirtic Activity, Noo 2 {1578

. B51-04.
wa. F. Dwen bving, Ji.. “Reteil Invaoisy Invest ment
aud the Cogt of Capitel,” American Eonomic Resirs
T1 (Septercbar 10E1: pp S535-48, & s consphouous
Tatent exewpticon.
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recent years—expected changes in
prices during the inventory holding
period. A sufficiently high rate of in-
crease in price can make the carrying
eosts of inventories negative rather
than positive. The composite cost vari-
able in this article, a rea) interest
rate adjusted for the tax treatment of
inventories, is a more comprehensive
measure thap the usgal one, Even
thiz rpeasurs, however, omite such
cost elementa as storage, insurance,
and detexioration.

Problems of measurement are un-
usually severe for inventories and for
real interest rates. For inventories,
the problemz are ilesast serious for
annual estimates, more serious for
quarterly estimates, and most sericus
of al! for monthly estimates, especial-
ly for seasonslly adjusied, constant-
dollar estimates. Ssasonsl adjustment
is one example of an imperfect proce-
dure that hes far more impact on
quarterly and monthly estimates than
on annual eslimates, buat it iz by no
means the ¢nly one. Informstion on
the extent of the usa of the various
business inventory msccounting meth-
ods is essential for the construction of
the estimates, Sach information, as 2
rule, iz available only on an annual
bagis, and iz interpolated srmocthly for
the construction of gquarterly and
monthly estimates. Choosing the ap
propriate lags in the wholesale prices
unsad in eonstruction of the sstimates
is 8 more serious problem monthly
and quarterly than anaually. Inven-
tory book values, the starting point
for the estimates, are available for o
much larger and beiter constructed
gample on an annual basis than they
are on a quarterly snd monthly
basis.*

Major problems in measaring real
interest rates include the sstimation
of percent changes in sales prices by
industry and determination of appro-
priate marginal fax rates as infly-
enced not only by statetory rates, but
alsu by the use of different inventory
arcounting systems.’ The real inter-

9, For g review of data problerw, gae Murray F.
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est rate measures in this article are
more carefully constructed than is
typical of other inventory studies.
Naverthaless, thase meazsures are un-
doubtedly bazed on much more accu-
rate information anpually than over
any shorter span.

The demand equations

Separate demand equations are es-
timated for six categories of manufac-
turers’ inventories, two equaticns
each for materials, goods in process,
and finished goods. One eguation of
sach paitr covers induztries for which
sales is the demand variable {ronghly,
nondursble goods manufacturing in-
dustries) and the cther, industries for
which new ordars is the demand vari-
ahle (roughly, dureble goods manafac-
turing industries).” The dependent
variables in the six equations are the
logarithms of end-ofiyvear inventory
holdings in constant dollars.

For the sales induetries, the inde-
pendent varisbles are the logarithm
of sales in constant dollare and a real
interest rate. For the new orders in-
dustries, the wariahles are the loga-
rithm of new ¢rders in constant dol-
lars and a real interesi rate. New
orders are converted from ctirrent to
constant dellars by dividing by sales
deflatore. In most industries, new
orders in quarter t are deflated by the
sales deflator in quarter t+1 to allow
for the fact that price quotations gen-
arally rvefer to goods sold currently,
and hence ordersd sometime previous-
I¥.

The real interest rate variable is
constructed separately for each two-
digit manufecturing industry and
then aggregated to the level of all
sales industries and all new orders in-
dustries. The basic formula Ffor the
real interest vate is

1-fit™, -

R"(]_.E P
where R is & short-term interest rate
{specifically, the Federal Reoserve

saries for bank rates on shori-term
business Inans), P is the most recent

Foex, Gery Fromm, and Irving Rottenbarg, MY It

mert of Suiness Someprocies (108 Department of
Commarte, Borest of the Comsun, Ettnomie Besearch
Fapors 3 (Washingion, DO U, GPO, L3R0)

10, 1o partcular, HIFCQ eccounting afTects taney be-
chwel Incressey 10 the value off jpventories doring e
pariod in whith thoy are hadd are nod subjsct to tax
for Mrmy galne this scomunting aystam. For a descripe
thon of the infllwencs o LIFO accountlng on irventory
adtimates, wa Hinrvicha, "Inventorias.”

11, Note that thr s8les gerles wed in this section of
i Articke 1y manofacturars’ shipments, [ncluding in-
tarmediate as weli 24 fnel produeia, It is not the Nnal
Eales serlen ysed in the fimst part of Lhe articte, The
wxroptions (0 the duemblencndurabla split are lembser
and Murnitues, which ara dursbls gasds industries but
for whikh v pew ardeps dats arm published separats-
1. They wra classifled as saley indrastries For whe pur-
poda of thiz article.
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annual rate of price incremse for the
sales of an industry, f is the propor-
tion of each industry using non-LIFO
accounting systems, and ¢ is the statu-
tory corporate tax rate.’* Estimates of
f are based on Census Bursau annual
surveys starting with 1974 and BEA

surveys before 1974, They are
smonthed before being nsed to calen-
late real interest rates.

Both the demand varighles and the
real interest rate are split into twe
components, drawing on past studies
about how gsales expectations ave
formed and about how interest rate
and price expectations are formed.
For the demand variables—sales and
new orders—the split is between last
year's level and the change from last
year to the current year.’* For the
real interest rate, the split is between

an "expected” component and an “un-

expected” component, with the “ex-
pected” component calenlated from
lagwed actuel veluwes and #Hs own
lagged values.  Bacaiise each variable
is gplit into two components, the loga-
rithm of inventory haoldings is related
to four variables; the logarithm of
lagzed sales or new orders, the
changs in the logarithin of sales or
new orders, the expaected real interest
reta, and the nhexpected resl interest
rate.

Regression resuils

The inventory demand equations
presented in this article ars estimated
using annual deta as well as quarter-
ly data. Comparicons of the twe scts
of yesults will reveal important differ
encezs—diffarences that could well be
due to measurement errors in the

quarterly data.
Anrual resulls.~—The resulis of the

egtitmation are shown in table 2. OF

12. This sxptwssion <an be derirsd mathemabicaliy
aa the magnitude 8 profit-nancimizing fieem wdll el
equal kx the value of fhee marginal product of i stock
of inventories if all of its Interst coats mre deductble
expenses, and i & Frawtion, £ of the incrasgs in the
value of ita inventoriee during the period in which
they wre held are sahpert te tax,

1Z. Ses Albort A. Hirsch and Micheal {7 Lavall,
Bales Awpticipetiona ond Tasstory Behgufor (Hew
York: Wilay & Soos, 1360) chapt. 3, sspecially pp.
116-28.

14. The separation & bated on tha sgoation
XEwath (N4 XE~h where XE & the sxpected
valoe of the real rate Loy year t, ahd X.- and XF, ., g
the artoa] and expected real ratea in vaar t—1. The
procedure for sstimating & and b B desocibed in Frank
o ﬂﬂm i EA DI '"T}ﬁmmpmm
of Mlans i &bt an
Survey,” Burver 51 (Ockebar 188ke 8=-07
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Tabk 5 —Demand Equatlons for Inventories: Aunoal Begprossion Reaults

Sales Industrivg Chindern inchast rios
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[moan barieg Lrinebarriog LT imeotoriey Inwenlorios irrenbg
Constant -LIB — 5Bl —2.44 L5 — LB -
{=i.5] [--748.00 (=82 [—2.8) [—73b
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1. The real int-tuﬂ. mate b
components s besed on formulo
actng) and gepectzd et in youT =1
explagetion,

the gix zales or rew orders coeffl-
cients, one is below {hat not signifi-
cantly below} 0.5, four lie between (.5
and 1.0, and one is above 1.0. These
coefficients, which represzent long-tun
alasticities—i.a,, percent responsas of
inventoriss to a l-percent increzse in
sales or new orders—generally accord
with thecretical expectations.

Five of the six coefficients for the
chanpe in sales or new orders are
positive and smalier than cosfficients
for lagged lewels; the sixth coefficient
iz zero. Thiz result implies that inven-
tories respond positively both to this
year's sales or new orders and last
year's sales or new order.”® The result
confirms past findings of 2 significant
lag in inventories behind aales or new
orders, although it doss not provide
any insight into why sizable lags
should exist. Coefficiants of change in
demand are smaller for the finished
poods stage of each group than for the
other steges. Had these coeflicients
been negative, they would have been
coneistent with a temporary “involun-
tary” responee of finished goods in.
ventories to current sales or new
orders before the long-run positive ve-
sponze dominates. In these annual
equations therae is no evidence of such
bahavior, although the resulis do not
rule out such a response in a quarter-
Iy or monthly time frame.
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tively on both 5 and 8-,
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The coefficients of the expected real
interest rate are all negative, with
three of the six t-ratios equal {in aksao-
lute value) to 4.0 or more. These coef:
ficients muléiplied by the average real
interest roate are equal to the implied
elasticities—the percent change in in.
ventories corresponding to a l-percent
increase in the real interest rate.
Thus, a coefficient of —2.0 and an
average real interest rate of 0.4
would imply an elasticity of 0.04
times —2.0, or —0.08. Because of the
lag of the expected behind the actual
rats, this response builds up gradusl-
Iy as an setual changs is incorporated
into expectations. The coefficients of
the unexpected real interest rate are
small and not significant statiatical-
Iy 16

All of the equetions include s cor-
rection for first-order gerial correla-
tion in the residuals. The autccorrela-
tion coefficients range from 0.42 to
0.99, implying that the unexplained
variation in inventories changes
smoothly even en an annual basis.

Chart 8 shows the levels of materi-
aly inventories, new orders, and the
expected reml interest rate for the
orders group of industriee. The chart,
like the equation for this category in
table 3, suggests that (1) inventorics
respend to & smoothed version of naw
orders, and (2} inventories respond

pectad snd unexpecled com i
then the cosfiloants for the expettad and uneapected

niflcantly different.
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negatively to the expected real rate,
accounting for the iméresse in inven-
tories relative to orders in the mid-
19T g.

A number of aelternative specifica-
tions were tested on annpual data,
with gqualitatively similar resnltys bt
some importané gquantitive differ-
ences. These resulis can be summa-
rized briefly:

{1} Equations without an autocorre-
lation correction had on average,
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lerger and more significant nega-
tive coeificients for the real inter-
est rate and somewhat larger co-
efficients for sales and new
aorders.

{2) Replacing the “expected” and
"unexpected’ dissggregation of
the real interest rate by a disag-
gregation inte current level and
current change—parallel to the
trentiment of Esales and new
orders—generally reduced the
real interest rate coefficients, al-

T CHART &
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though they all remained nega-
tive.

(3) Replacing the level-and-change

. dizaggregation of the demand
variables by disaggregation into
H’axpectedl! End ‘lunExPEMJI
levelg—parailel to the treziment

"of the real interest rate—in-
creased the ceefficients of expect-
ed sales or new orders and de-
ereased coeffictents of the axpect-
ed real interest rate, although the
latter all remained negative.

id) A stock-adjustment specification
of the basic equation, in which
the logarithm of inventories de-
pends on the logarithm of current
sales or new orders, the current
real interest rate, and the lagged
stock of inventories, implied lags
somewhat longer than the rasults
shown in table 3.

{5} Splitting the expected real inter-
est rate inte two components with
separate coefficients, an expected
interest-rate component snd sn
expected price-change ¢omponent,
resylted in insignificant and gen-
erally positive interest-rate ﬂo-eff' -
¢ients (contrary to hypothesis)
and significant positive price-
change coefficients (in actordance
with hypothesis).

() Finally, an additional variable,
the ratio of materials prices to
final product prices, which would
be expected 1o have a negative re-
lationship to inventory holdings,
had three negative coefficients
and three positive coefficients.

Quarterly resulis—Resultz of the
quarterly versionz of these equations,
which appear in table 4, differ from
those of the annual versions in major
respacts. The coefficlents of levels of
sales and new orders remain positive
snd significant, but average 20 per-
cent lowsr than the sorresponding co-
efficients in the annuval equations. Co-
efficients of the experted real interest
rate remain negative, but are much
smaller and less significant.

Quarterly results based on alterna-
tive gpecifications also tended to di-
verge from the annual results. For ex-
ample, a stock-adjustment model fit to
quarterly data implied considerably
longer lags than those implied by
annual stock-adjustment equations,
which, as noted earlier, imply l=gs
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sorpewhat Jonger than the equationg
reported in tabia 3.

The annual equations sppear to be
more trustworthy than the gquarterly
ones. The annugl variables are sub-
Jact to smaller measurement errors,
and the divergences in resulis are
these that might be expected hecause
of the nature of the quarterly smea-
surement problems. For example, a
gquarterly dependent varjabie that is
too smooth could essily incresese the
estimated length of Yags; and errers in
meaguring the real interest rate could
easily biaa it coefficients towards zero.

Although the annual regression re-
sults reported in table 3 seem prefer-
able to regressions based on quarterly
data, guarterly equations are neces
gary in order fo determine how
demand and ¢ost factors contribute to
the destabilizing behavior of mannfac-
turing inventories. What is desired is
a st of guarterly equations subject to
the comstraint that the longrun re-
sponses to demand and to expected
real interesi rates are in accord with
the annual results in table 3. The ap-
pendix describes the way in which
such equations were estimated.

Simulation Results for
Manufacturers’ Inventories

The constrained guarterly inwven-
tory demand equations deseribed in
the appendiz are ased in this section
in two waya: (1} to analyze the causes
of the destabilizing behavior of manu-
facturers’ inventories, and (2) to illus-
trate the typical effect on manufac-
turers’ inventories of & step change in
sales or new orders and a step change
in the real rate of interest. Table 5
and € show the regults of thess simu-
lations.

Accounting for destabilizing beknapior

The equations developed in the pre-
vious section and the appendix permit
an allocation of the destabilizing be-
havior of manufacturers’ inventory
investment to the influencez of cur-
rent and lagped sales or new crdess,
and the real interest rate. The meas.
ure of destabilizing behavior devel-
oped in the first part of this article
can be disapgrepated into the contri-
bution of each explanatory variable in
the demand equations. Because the
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where X

meagsur¢ of instability is not additive
and becausz the equations do not fit
perfectly, the dissggregation does not
provide an exact accounting for the
contributiocn of each warisble, hui
only strong indications of which are
mosf impertant. Note that the equa-
tions explain levels of inventories,
whereas what contributes to stability
or instability is inventory change. It
ig, therefore, changes in the explana-
tory variable of the demand equations
that account for the stabilizing or de-
stabilizing behavior of inventory in-
vestment.

The results, shown in table 5, indi-
cate that destabilizing behavior of
manufacturers’ inventory investment
in all three stapas is overwhelmingly
due to the influence of lageed chanpes
in sales and new orders, that is,
lagzed changes in demand. The table
shows the scparation of the total
measgure of instability into three com-
ponents: the contribntion of the accel-
eration or deceleration of demand in
the current and previpus quarter, the
contribution of changes in dernand in
al! earlier qearters, and the contribu-
tion of changes in the expected real
interest tate (the impact of the unex-
pected rate, with its small and insig-
nificant coefficients, is nat shown in
the table). For all three stages, the
second factor, the contribation of
lagged changes in demand, is highly
deatabilizing. Theze lagped changes
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are less destabilizing for inventories
of finished goods, for which the long-
term coefficiant: of the demand varia-
hlee are relatively small, than for in-
ventories in other stages. Evidently,
cycles in demand last long enough
that reductions in inventories in re-
sponze to past weskness typically
take place whiie demand is still below
trend; and inventory buildups in re-
sponse to past sirength in demand
typically take place while demand is
gtill nbove trepd

The contributions of the other fac-
tors in the table pre much smaller.
The response of inventory investment
to the current acceleration or decel-
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eration of demand makes a amall sta-
bilizing contribution for finished
goods inventories and has a impact
close to zero for the other stages. The
contribution of changes in the expect-
ed real interest rate is also mildly sta-
bilizing: evidently, the correspondence
of axpected increases in real interest
rates with an expansion or expected
decreases with a coniraction, which
would give rise to such behavior, are
more commaon than the spposite situa-
tions.

The iypical response o demand and
reaf interest raieg

The results of this study can be
ghown in the form of typical re-
sponsas of manufecturers’ inventory
investrnent to a l-percent increase in
snles and new orders and to s 1 per-
centage point increase in the level of
real interegt ratas. The latter change
could be caused by a change of 1 per-
centage point in the bank interesti
rate on short-term business loans, or
by a change of roughly 0.6 parcentage
points in the rate of inflation {the
exact amourts depend on the indus-
try distribution of the changes).
Among other uses, these calculations
may help forecasters in judging the
gepsitivity of manufacturers’ inven-
tory investment to variations in pro-
jected real growth rates, interest
rates, and mnflation rates.

The caleulations are summarized in
table 6, assuming end-of-1981 inven-
tory stocks im order to translate per-
cent changes into dollars of inventory
investment. For a l-percent step in-
crease in aales or new orders, the ra-
sponse of investment in finished goods
inventories iz the smallest of the
three stages; it begins at $0.15 billion
in 1¥2 dollars the of the in-
creasze, rigea to $0.34 billion two quar
ters later, and then falls to zero. The
responses of investment in inventories
of goods in process and inventories of
materiale are larger, reaching peaks
of $0.42 bhillion end $0.71 billion. Fhe
three stapges together reach & peak of
$1.48 billion in the third quarter of
the upward shift in sales and new

For a 1 percentage point ihcraasze in
the real interest rate, the rasponse of
investment in finished gocds inven-
tories is again smallest, starting at
—$0.28 billicn in 1972 dollars, quickly
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dropping to about one-half that
pmount, and than in the second year
approaching zero. The responge of in-
vestenent in materials inventories is
largest, beginning at —3%0.80 biflion,
then dropping to just under - $0.50
billion for three quarters, to just over
—30.10 billion for the second year,
snd then to near zero. In total, manu-
facturers” inventory investment has
ita strongest response——3$1.32 hil-
lion—in the initial quarter. Thus, s¢-
cording to these results, projections of
inventory investment ought to take
interest rates and inflation rates, as
well as aales and new orders, into ac-
coun.
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Appendix: Constrained
Quarterly Equations

The easiest method of estimating
gquarterly eguations conbetrained by
annual long-run responses Is to con-
siruct a get of quarterly dependent
variables of the form:

Ivg K,—b, log Do —bu RE,
where K is an inventory category, D

is the demand variable (sales in thraa
of the pix equations, new orders in the

Tahie 5. —Reaponses of Manefsrtaring Inventory Invesiment to a Step Changs In Salex or Now
Orders an o Real Tnterest Batex Initial Inventory Levats of End of 1551
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utl;ars}. HE is the expected real rate
of interest, and br and b2 are the coef-
heients of lagged demand and of the
expected real rate reported in table 3.
These dependent variablez are related
to current and lagged changes in the
logarithms of I and to the wnexpect-
ed component of the real interest
rate. Their cosfficients determine the
lag strncture of the relationship of in-
‘tm:ﬁr_t}[ﬁ io dfﬁ]]anﬂ and cost; they do
no uence the long-run responses,

~ ResuMs of this procedure are shown
mm table 7. Each current or lagged

SURVEY OF CURRENT BUSINESS

change in demand is entered as a sep-
arate variable.

With few exceptions, the coeffi-
clenits in table 7 imply that the Iong-
run responses built into the equations
develop gradually over four quarters.
For example, in the equation for fin-
ished goods inventories in sales indus-
fries, the long-run coefficient of the
logarithm of sales four quartars ago is
constrained to be 0.81, and the coefii-
cients on current and lagged changes
are 0,105, 0.869, G.630, and 0.684, The
net coefficient on the current levels is

3l

0.195; on the previous quarter’s level,
0.259—0.195, ie., 0.164; on the level
two quarters ege, .630—10.359, ie,
0.271; on the level three quartars ago,
0634 0.6880, ie., 0044 and on the
level four quarters age, 0.811-0.654,
ie., 0.127. All coefficients are positive,
implying a gradual buildep of the re-
sponge of inventoriee to sales. By
design, the sum of these fiva rcoeffi-
cients equals 0.81. With cnily one ex-
ception, coefficients of the unexpected
real interest rate, also shown in table
7, are not significant.



